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COMPLETE SPECIFICATION 
Improved Magnetron for producing Very Short Electomagnetic 

Waves 



We, ' Patelhold " Patehtverweh- 

TUNGS- & EtEKTRO-HOItDING A. Gr., of 

Glarus, Switzerland, a Swiss Company, 
do hereby declare the -nature of this inven- 
6 tinn and in what manner the same ia to 
he performed, to be particularly described 
and ascertained in and by the following 
statement: — 

J" devices for producing 1 very short 
10 electromagnetic waves the oscillation 
circuit of the generator is directly con- 
nected with the exciting mechanism. In 
retarding-field tubes the anode is usually 
connected to one conductor and the grid 
16 to the other conductor of a Lecher system 
serving as the oscillation circuit, "it is 
particularly advantageous to use a hollow 
resonator as the oscillation system, be- 
cause on account of its large conductive 
20 surface it has very low losses and is dis- 
tingui!>ueil accordingly by high resonance 
over- voltages. Amongst these are to be 
\mderstood the voltage values in the case 
of resonance, compared with those in the 
£0 case of non-resonance. 

The present invention deals with the 
problem of utilising the advantages 
obtained by connecting the exciting 
luechanism which is best as regards 
80 efficiency and which consists in electrons 
circulating perpendicularly to segments, 
with a cavity resonator which alone deter- 
mines the frequency of oscillation. The 
invention thus concerns a magnetron for 
35 producing ultra-short electromagnetic 
waves and which is characterised by the 
provision for the oscillation system of a 
practically closed annular hollow body 
bounded in a radial direction by two 
40 cylindrical casings, the cylindrical casing 
nearer to the axis being divided along 
the entire cylinder periphery into two 
parts by a tortuous slot, said parts being 
at different alternating potential but at 
45 the same direct potential relative to the 
cathode located in the axis of the system. 

An important fact as regards the pres- 
ent invention is that in a hollow resonator 
an electrical oscillation is excited by 
60 which in known manner a continuous 
conversion of capacity energy into induc- 
tive euergy occurs. This procedure, 
IPrioe 2/-] 



which is analogous to the oscillation pro- 
cedure of a transmitting antenna system, 
is capable of furnishing energy in the 56 
iorm of electromagnetic oscillations. 

A number of constructional examples of 
the invention are illustrated diagram- 
matically in Figures 1—4 of the accom- 
panying drawing. gQ 

Figure 1 shows a magnetron oscillator 
tor generating ultra-short electromagnetic 
waves. The tortuous^ slot Z allows the 
segments S/and S 2 to stand out from the 
inner cylinder. These segments, together 65 
with the outer cylinder and the radial ' 
sine walls form the hollow body H which 
acts as a hollow resonator, the segments 
mutually representing the capacity and 
the remaining part of the hollow body the 70 
inductance of the latter. "When the hol- 
low resonator oscillates the segments S. 
are positive and the segments S 2 negative 
at a certain instant. As a result of the 
oscillating process these charges now 7fi 
change places so that after a half cycle 
the segments S x become negative and the 
segments S. positive. For this change- 
over the hollow body H, which acts as an 
inductance, is used as the inductive con- an 
nection. In order to mate Figure 1 as 
clear as possible the cathode and control 
grid have been omitted from the Figure. 

Figure 2 shows a sectional view "of a 
magnetron generator in accordance with hr 

e S ^ Te 1 m a plane containing the axis 
or the generator. Figure 2 differs from 
iiguie 1 in so far as a cathode K sur- 
rofunded by a grid G is also shown, also 
that an energy conductor L for extracting q ft 
the high-frequency energy is provided and 
hnally, perpendicularly to the axis of the 
magnetron H, metal plates P t and P„ are 
arranged for preventing the radiation of 
high frequency energy. The capacity of qe 
the oscillation circuit is again formed bv 
the adjoining segments S, whilst the 
inductance is .formed by that part of the 
hollow body H comprising the end sur- 
faces and the outer cylinder. 

Figure 3 illustrates a further embodi 
ment of the invention developed from the 
construction illustrated in Figure 2 The 
cathode K is smaller and located in the 
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immediate vicinity of the side plate P 2 . 
The side plate Pi can be used as a control 
grid if it is insulated from the remaining 
parts of the device. 
5 If -with the arrangements shown in 
Figure 2 or 3 the side plates P, and P 2 
are connected along the outer periphery 
in a vacuum-tight manner with the cavity, 
for instance by being soldered to the 

10 remaining part of the device an all-metal 
construction can be obtained, for the tube 
trnis obtained is bounded by metal parts 
only with the exception of the bushings 
which naturally are not of metal but must 

15 be of an insulating material. Such a 
valve does not therefore require to be 
enclosed, in a glass vessel, since it is 
already vacuum-sealed without such help. 
The embodiment shown in Figure 4, 

20 with the exception of the bushings Y, is a 
construction of this kind. The same 
reference letters are used for the same 
elements as in the previous Figure. Ride 
walls are used here instead of side plates 

25 for protection against radiation. The 
plates located parallel to the side walls 
inside the cathode space serve as a screen 
inside the inner cylinder for the 'elec- 
trical field which occurs due to the anode 

30 potential at the said walls, thus prevent- 
ing any undesirable deviation of the 
electrons; 

Constructions according to the inven- 
tion possesses several advantages. They 

35 have complete electrical symmetry as 
regards each segment pair. Due to heat 
being conducted to the side walls the 
thermal loading of the anode is reduced. 
The all-metal construction illustrated in 

40 Figure 4 is suitable for large powers be- 
cause by constructing the resonator as a 
vacuum vessel it is possible to obtain a 
ready removal of heat from the anode. 
The wave length of the oscillation is 

45 determined by the mutual capacitance of 
the segments and the diameter of the 
hollow resonator. For the same wave 
lengths the dimensions of the generator 
according to the invention are larger 

50 than those of the known kinds «f magnet- 
rons. Particularly the actual external 
diameter of the anode is three to four 
times larger and this enables a better 
arrangement of the cathodes and control 

55 grids, even for small wave lengths. The 
larger radial dimension enables a spiral 
cathode to Tbe used for high currents. 
Furthermore the axial dimension can be 
reduced to a minimum so that the pole 

60 shoes of the magnet need not be so far 
apart and therefore permanent magnets 
can be used. Since the wave length is 
determined by the mutual capacitance of 
the segments and the diameter of the hol- 

65 low resonator this value is definitely fixed 



for a particular case. This is a consider- 
able advantage when compared with a 
known construction where the wave length 
is not clearly defined. In this latter type 
of magnetron the inter-penetrating seg- 70 
ments are formed into two groups by 
means of two short-circuiting rings, these 
groups being connected by a loop. 

The invention is of Course not 
restricted to the constructional examples 75 
described. A large variety of modified 
forms are possible. It is for instance not 
necessary that the entire device should be 
made of the same material. The inner 
slotted cylindrical surface can be made of 80 
special heat-resisting material, for 
instance tantalum, because this is sub- 
jected to a strong heating action due to 
the impact of the electrons. 

The shape of the hollow space H can 85 
differ from that shown in Figure 1 by 
bevelling the sharp edges or providing 
the side surfaces with recesses. The inter- 
penetrating segments formed as a result 
of the zigzag slot can be made so narrow 90 
and thick that they finally become rods. 
The segments can be either soldered to the 
side walls of the hollow resonator, fitted 
into the resonator or fixed in any other 
suitable manner. 95 

The cathode K is heated either directly 
or indirectly. Generally there is sufficient 
space to enable a large surface cathode to 
be used. The following arrangement 
originating from the construction shown 100 
in Figure 3 likewise constitutes a form of 
construction of the invention. The 
cathode is located outside the side plate 
P 3 and the electrons pass through a cen- 
tral opening in the plate to the inside of 105 
the magnetron generator. If the plate P 2 
is also insulated it can serve as a control 
grid. Another construction is possible if 
the plate P. has a constant potential and 
a control grid is arranged over the afore- 110 
mentioned opening by means of which the 
intensity of the electrons passing through 
is controlled. 

The all-metal construction is the most 
favourable as regards cooling, because it 115 
provides a maximum of -metal surface. 
Generally both liquid and air cooling are 
employed, particular care being taken 
that the inner cylinder can readily 
get . rid of its heat by means of a 120 
good and rapid conduction away from 
the side wall where the segments 
end. Since the segments are those 
parts of the ttibe which become most 
highly heated in operation it is advisable 126 
to effect the cooling in such a way that 
the heat is removed from the segments by 
as direct a path as possible. For this 
purpose the external surfaces along the 
fastening places of the inner cylindrical 130 
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cooled in Particular are artificially 

In order to obtain full use of the ma« 
net it is advisable to provide holes in its 
5 pole shoes into which the insulators V 
(Figure 4) lying m the axis of the mag- 
netron can be fitted exactly and through 
which also the leads to the cathode can 
in Eff ' l. lv 8 means the Poles are as near 
* 6r 88 Po^M* «d the magnetic 
field therfore attains its maximum value 

thp°nnf o r *° >1 lllsert the magnetron between 
the poles these must be moved apart and 
then pushed together again. This can for 
15 instance be achieved by making the mil 

together **** wMdl Can be fittefl 

v^L^u^f the vohu »e of the magnet- 
ron at the places where the electric or 
20 magnetic field exists it is possible to 
obtain a variation in the frequency of the 
generator oscillations; that is to^ay by 
this means it is possible to vary its 

on S ea J- Therefore for instant by 
2o means of an elastic deformation of the 
walls at the points where there is 

HT^J le t iTi ^ 1 - 01 ma &netic energy, 
it is possible to obtain a frequency varial 

an !l . ln ^. tlle constructional example 
80 shown in Figure 4 the strongest electriSl 

t£ ™ - D tt& of * be ^ilst 

is in t^™^ 6 °l the ^gnetic Afield 
is in the neighbourhood of the outer 

35 also be varied by introducing a metal rod 
or piston into the inside of tL resonator 

• -„iii f her x. hne for ^acting the 
energy also has an influence on the 

An S en ° 7 resonator oscillation. A 

S^L V h °- W reaon ator is thus pro- 
vided by varying the natural frequency 
of the Lecher line. For this purpose 
variable frequency-determining elements 
45 inust be provided on the LecheAine This 
is for instance the case when the Lecher 
line is closed by a variable capacity 

lUe maximum power setting of the 
magnetron must be adjusted by varvin* 

mg voltage variation. If a permanent 

EV S ?f * ifl P ° S8ible toad^sTthe 
strength of the magnetic field by a vari- 
able interruption of the magnetic flux 
65 One way 0 f varying the' field" trengthfn 
the magnetron is by suitably displacing 

oSted.° f lmeS ° f W are 
60 Having now particularly described and 
^rtained the nature of our sa"d iuv?n- 
tion and m what manuejr the same is to 

Xi£t™ e *' " e ,1eclare tbat ™ 

65 1. Magnetron for generating ultra- 



shorteleetro-magnetip waves, characterised 
by the feature that for the oscillation 
system an annular hollow body at least 
almost closed and bounded in a radial 
direction by two cylindrical casings is 70 
provided, the cylindrical casing nearer to 
the axis being divided along the entire 
cylinder periphery into two parts by a 
tortuous slot, said two parts being at 
different alternating potential but at the 75 
same direct potential relative to the 
cathode located m the axis of the -system. 

2. Magnetron as in Claim ^-charac- 
terised by the feature that the cylindrical 

made of the same material 

3. Magnetron as in Claim 1, charac- 
terised by the feature that the cylindrical 
casings enclosing the hollow body are 
made of different material. J fic . 

*Jr J^Pf^ 0 ? as m Claim I- charac- 

SSS b7 r L I that at least *te 

slotted cylindrical casing nearest to the 

axis consists of heat resisting material 
preferably tantalum. ' 9Q 

ispd w? S n!* m ? i S in °} aim X > character- 
ised by the feature that the cylinder 

of ™1 tQ ^l axis COn8ists of a Plurality 
JyZfl wl " cl \ are separated from each 
other by a tortuous slot. q= 

• j ^^ejron as in Claim 5, character- 
ised by the feature that the rods a re fid 

w^JS. » nd i STtr ! a ^ eS . 0f tbe loll °^ body 

• j ^^etron as in Claim 1, character- 

the hollow body a radially directed plate 

L^Llt SereeDing ° ff * be in , 

ised hhj^V* i 2. < l la ? a 7 ' ^aracter- 
S tb -|, featT1 f e ttat the cathode con- 
sists of a filament extending between the 
centres of the side plates. 

• ji> Ma P? tron as in Clai ia 8, character- 110 

™& h J th - feature ***** tke Wed 110 

iJAb¥?& L t r °£ a8 i? ? kim 7 > character- 
ised by the feature that a side cathode is lift 
arranged in the immediate vicinity of th^ 
centre point of one side plate and to the 
opposite side plate a varying control 
potential is applied. control 

11. Magnetron as in Claim 7, character ion 
i«ed by the feature that a side Sole 1 ™ 
arranged on the outside of the side plate 
said plate, being provided with a central 
opemng for the passage of the electeons 

12 Magnetron as in Claim 11, characl 12fi 
tensed by the feature that the s de nl ate 
where the cathode is located has a vari 
able potential applied to it which dSers 
from that of the cathode. 
13. Magnetron as in Claim 7, charac- 180 
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terised by the feature that both side 
plates are electrically connected along- the 
outer periphery in a vacuum-tight man- 
ner with the holloa body whereby the 
5 generator with the exception of the bush- 
ings is enclosed by metal on aa sides. 

14 Magnetron as in Claim 13, -charac- 
terised by the feature that inside the 
cylinder lying nearer to the axis in the 

10 immediate vicinity of each side plate an 
additional plate is arranged which serves 
as a screen for the constant axial held. 

15 Magnetron as in Claim 13, charac- 
terised by the feature that external 

15 surfaces of the generator are cooled 

16 Magnetron as in Claim 15, charac- 
terised by the feature that particularly 
the external surfaces are artificially cooled 

20 along the fastening places of the inner 
cylindrical casing. x. nM „ 

17 Magnetron as in Claim 1, charac- 
terised by the feature that a- large surface 
cathode with a cylindrical emitting sur- 

26 face is provided. 

18 Magnetron as in Claim 1, charac- 
terised by the feature that the axially 
directed magnet poles of the generator 
possess a central opening. 

«n 19 Magnetron as in Claim 1, charac- 
terised by the feature that means are pro- 
vided by which the volume of the. 
frequency-determining hollow space can 
be varied at the points of maximum mag- 

35 netic energy for the purpose of frequency 

C °o{) r0 Magnetron as in Claim 19, charac- 
terised by the feature that at least one 
point of the outer cylindrical casing is 

40 flexible. . . , 

«>1 Magnetron as in Claim 19, charac- 
terised by the feature that a metallic 
piston is arranged to penetrate intothe 



hollow space in an adjustable maimer. 

"*> Magnetron as in Claim 1 , eharae- 40 
terised bv°the feature that means are pro- 
vided bv which the volume ot the 
frequency-determining hollow space can 
be varied at the points of great electrical 
energy for the purpose of frequency con- tMJ 

+r °^3 Magnetron as in Claim 22, charac- 
terised by the feature that at least parts 
of the side plate are movable m the 
axial direction. . 00 

24 Magnetron as m Claim 1, charac- 
terised by the feature that a Lecher line 
is coupled to the hollow space the 
frequency-determining parts ot said con- 
ductor being adjustable. oO 

25 Magnetron as m Claim 24. charac- 
terised by the feature that the conductor 
is closed at its end by a variable capacity. 

<>6 Magnetron as in Claim 18, charac- 
terised bv the feature that the magnet 65 
poles are' constructed so as to be movable 
in the direction of the central opening. 

27 Magnetron as in Claim 1, charac- 
terised by the feature that a permanent 
magnet is used to produce the magnetic 70 

fie ^>8 Maa-netron as in Claim 27, charac- 
terised by the feature that the magnetic 
resistance of the flux produced by the 
permanent magnet can be varied. 75 

29. Magnetron as in Claim 27 charac- 
terised bv the feature that the field 
strength of the permanent magnet can be 
varied by a partial short-circuiting ot the 
lines of force. . 80 

30. Devices foT producing very short 
electro-magnetic waves si ibst anally as 
herein described or as illustrated m the 
accompanying diagrammatic drawings 

Dated this 27th ItlSi^-'- 
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